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Why Molecular Modeling for Evaluating Chemical Toxicity?

Computational methods such as molecular modeling can be used as tools in
order to evaluate the potential health and environmental effects of chemicals,
particularly when all of the relevant information is not available prior to the
risk assessment.
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Molecular Modeling Methods for Predicting Chemical Toxicity

Rigid Docking:

Geometry  of  the
macromolecular target
is rigid while a “best
fit” is calculated for a
variety of orientations
and geometrical
conformations of the
chemical agents.

Flexible Docking:
Similar to rigid docking,
except that a portion of
the geometry of the
macromolecular target is
flexible so that the
binding  region  can
contort to properly fit
chemical agents.

Methods that Estimate Binding of
Toxicants to Targets

Molecular Descriptors, QSARs

Docking into Rigid
Macromolecular Targets

Docking into Flexible
Macromolecular Targets

Mixture of Quantum Mechanics

Results

Endocrine Disrupting Compounds (EDCs). The function of nuclear
receptors such as the estrogen receptor (ER) is to regulate diverse functions,
including reproduction, development, and metabolism. A common
mechanism for EDCs is to mimic or inhibit the binding of hormone molecules
to these nuclear receptors, which disrupts their normal biological function and
can lead to adverse health effects, including cancer. Many natural and
synthetic environmental chemicals are suspected to be EDCs.
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Perfluorinated compounds, such as PFOA and 7 F r fRE
PFOS, are persistent environmental pollutants that ) W
are implicated with binding to the nuclear receptor N—
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regulate multiple metabolic processes. PPARa is

found primarily in the liver and muscle and is linked to

fatty acid oxidation and diabetes type II.
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PPARa (figure to the right)
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Polycyclic Aromatic Hydrocarbons (PAHs) are combustion byproducts that
are ubiquitous environmental chemicals. Some PAHs are potent animal
carcinogens and some PAHs have also been shown to have endocrine
disruption activity.
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Rigid docking studies with several alpha estrogen receptors
(ERa) of the native ligands (top) and PAH metabolites
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accuracy is not ideal is more reliable.

Docking Scoring Functions are Empirically-Based

Energy of target
geometry
Charge-charge
interaction

Only included when
the structure of the
macromolecular
target is flexible

Hydrogen
bonding

Mediocre fit Testosterone

Shape Fitting

3,9-dihydroxy benzanthracene (20H BA)
3,9-dihydroxy 12-methyl BA

20H (-)-anti-BaPDE

30H (-)-BaPD equatorial diol

20 was crystallized with an ER
15 agonist, tetrahydrochrysene
iol (ETC). ETC has a
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